Acute kidney injury (AKI) is a well-recognized complication in hospitalized patients, with associated mortality and morbidity. Studies that aim to prevent or reverse AKI using pharmacological and interventional therapies in clinical practice have been disappointing. Work is continuing to identify potentially modifiable risk factors for AKI. Early identification and modification of these risk factors may help prevent or favorably influence the outcome of AKI. The role of uric acid as a potential risk factor is being revisited in chronic kidney disease and AKI. Apart from the established crystal precipitation with profound hyperuricemia, various non-crystal mechanisms have also been proposed in the pathogenesis of AKI. The association of serum uric acid levels with the development of AKI has been reported in various clinical settings. Together, the results of these studies highlight hyperuricemia as a potential risk factor of AKI and the need for further work on this subject.
Acute kidney injury (AKI) is a well-recognized complication in hospitalized patients, with associated mortality and morbidity. The incidence of hospital-acquired AKI is estimated to be ∼3-7% from epidemiological studies [1, 2] , but increases to 20-30% in the intensive care unit setting, with the need for renal replacement therapy in 6% of cases [3] . In either setting, AKI portends a poorer prognosis and has been associated with prolonged hospital stay, increased hospitalization cost and, more importantly, increased mortality [4, 5] . As this condition demands an increase in healthcare costs, it is not surprising that various attempts to identify groups of patients at high risk of developing AKI have been reported and are continuing. Although previous studies across different clinical settings have identified age, diabetes, known kidney disease and illness or procedure-specific factors as risk factors for the development of AKI [6] , interventional studies that aim to prevent or reverse AKI using pharmacological and interventional therapies in clinical practice have been disappointing, despite initial promising results in animal studies [7, 8] . These setbacks have spurred the AKI community in its pursuit to identify potentially modifiable risk factors for AKI. It is hoped that early identification and modification of these risk factors will help prevent or favorably influence the outcome of AKI.
Uric acid, as one such potential modifiable risk factor, is now in resurgence, and its role is being revisited in both chronic kidney disease (CKD) and AKI. The role and underlying mechanisms of hyperuricemia in the progression of CKD have been well reviewed [9, 10] . In fact, a few studies have demonstrated that pharmacological lowering of uric acid can retard CKD progression [11, 12] . In a similar fashion, in the setting of AKI, hyperuricemia, particularly if chronic and marked, has been postulated as a risk factor for the development of AKI [13, 14] . Apart from the established crystal precipitation with profound hyperuricemia, various non-crystal mechanisms have also been proposed in the pathogenesis of AKI [13] . It is important to highlight that these negative effects have been demonstrated, at least in animal models, even with mild hyperuricemia [15] .
In this regard, the association of serum uric acid (SUA) levels with the development of AKI has been reported in the setting of cardiovascular surgery and cardiac catheterization. Recently, Lapsia et al. identified SUA as an independent risk factor for AKI in a cohort of 190 patients undergoing cardiovascular surgery, with a 35-fold increase in the incidence of AKI in patients with a preoperative SUA >7 mg/dL (420 µmol/L) [16] . In another retrospective analysis of 1019 patients undergoing cardiovascular surgery, Joung et al. demonstrated a graded association of SUA levels with the development of postoperative AKI and the need for renal replacement therapy. In particular, SUA >6.5 mg/dL (390 µmol/L) was independently associated with AKI post-surgery [odds ratio (OR) 1.46 (95% CI 1.04-2.06)] [17] . Similarly, in patients undergoing cardiac catheterization (n = 788), Liu et al. demonstrated that hyperuricemic patients (defined as SUA >7 mg/dL in males and 6 mg/dL in females) had an increased risk of developing AKI versus patients with normal SUA levels [OR 5.38 (95% CI 1.99-14.58), P = 0.001] [18] .
In this issue of Clinical Kidney Journal, Cheungpasitporn et al. reported the results of a retrospective study evaluating the risk of AKI in all hospitalized patients across different SUA levels [19] . Of the 76 719 patients admitted to a tertiary care hospital over a 3-year period in single center, 1435 patients with an available admission SUA level (first SUA level within 24 h of admission) were enrolled into their study. Eighteen percent of these patients developed in-hospital AKI. In this study, the investigators demonstrated a positive linear relationship of SUA level with the incidence of AKI and the need for dialysis during hospitalization. Of note, the subgroup of patients with SUA >9.4 mg/dL (>564 µmol/L) had the highest incidence of AKI, and this observation remained true for all stages of AKI, as defined by Acute Kidney Injury Network criteria. Despite adjusting for potential confounders, SUA >9.4 mg/dL (>564 µmol/L) was independently associated with a higher risk of developing AKI, with an OR of 1.79 (95% CI 1.13-2.82) using the most common SUA level range The distinctive strength of this study is that it has demonstrated a graded association of SUA level with the development of in-hospital AKI in a diverse cohort of patients admitted to hospital, including patients with various conditions such as cardiovascular, hematology/oncology, infectious disease, gastrointestinal and respiratory disorders. This is one of the earliest and larger studies documenting the association of SUA with inhospital AKI. Another similar study was published recently, which also proposed that SUA might be an independent risk factor for AKI development in all hospitalized patients (n = 59 219) [20] . The OR for developing AKI was higher when compared with the current study, at 3.57 (95% CI 2.96-4.31) in women and 2.13 (95% CI 1.83-2.46) in men. However, in that study, the reference range for SUA was lower, at 3.5-4 mg/dL (210-240 µmol/L). It would stand to reason that if the reference range of SUA were shifted downward in the current study, the OR for AKI development would probably be similar in both studies, highlighting the important common finding of the risk of in-hospital AKI in patients with hyperuricemia.
As interesting and exciting as these results are, they must be interpreted in the light of acknowledging the limitations of the current study. From a methodological standpoint, this study is trapped in the precincts of a retrospective study, wherein the effects of unknown or unmeasured confounders cannot be totally adjusted for. First and foremost, only 1435 of the 76 719 patients had an SUA level measured on admission. This represents <2% of all patients admitted, and certainly raises the possibility of a selection bias, a limitation that the authors have acknowledged.
Second, this is a single-center study with a predominant Caucasian population, and caution must be exercised in generalizing these results. Be that as it may, another study in a large Japanese population reported congruent findings [20] . Third, among the studied population, cardiovascular and hematology/oncology diseases accounted for the majority (34 and 26%, respectively), while only a minority of patients (4%) had a diagnosis of infectious disease. Moreover, the etiology of AKI and its distribution in the different SUA groups were not detailed in the current study. Together, these may further limit the extrapolation of the results to all cohorts of hospitalized patients. Lastly, patients with an SUA level greater than the reference range might already be at a higher risk of developing AKI. For example, the eGFR in patients with SUA 7.6-9.4 and >9.4 mg/dL was 58.6 ± 22.3 and 53.2 ± 21.8 mL/min, respectively. Although the authors have adjusted for the differences in baseline creatinine, the results from such a methodology need to be interpreted with caution.
Notwithstanding the above, this study definitely piques our interest and adds weight to the hypothesis on the role of SUA in the propensity toward development of AKI in a diverse patient population [21] . Nonetheless, before we begin screening all patients admitted to hospital for SUA levels, we need to review the evidence in a more systematic manner. Has this study identified SUA as a true independent risk factor for AKI? The investigators have attempted to resolve this by using logistic regression models with multivariate adjustment, after considering important confounders for association of SUA with AKI. However, as mentioned, it is impossible to account for all potential differences between patients with different SUA levels in a retrospective study. Further prospective multicenter studies need to be conducted to confirm the robustness of such a relation between SUA and AKI before implementing this routinely in clinical practice.
Another interesting question is whether the addition of SUA level screening to an existing model can better predict the development of AKI? Based on the National Health and Nutrition Examination Survey data, the prevalence of hyperuricemia was estimated to be 21% in females and 22% in males, and this increases with age; for example, the incidence was 31% in patients >65 years of age [22] . Currently AKI prediction scores have only been validated in situational risk factors such as cardiac surgery or coronary catheterization [23, 24] . No AKI prediction model has been developed for hospitalized patients thus far. Furthermore, in a recent publication in this journal, Roberts et al. have failed to show that a predictive model based on well-established patient-associated factors could facilitate clinicians in apportioning risk of AKI in patients admitted to an emergency unit [25] . Thus it is open to speculation whether the addition of certain biochemical parameters and/or biomarkers may improve the specificity of such a predictive model. Given the high prevalence of hyperuricemia, especially in the elderly, it may be interesting to see if including SUA in the prediction model, with a weighted score based on the SUA level, helps in better predicting the development of AKI in hospitalized patients.
The most clinically relevant question remains: will treatment of SUA decrease the risk of subsequent AKI? SUA will be considered a modifiable risk factor of AKI if alteration of SUA levels translate into clinical benefits in terms of prevention of AKI, or at least a more favorable outcome of AKI. This may be difficult to prove given the complex multifactorial pathophysiology of AKI, and it is likely that intervening on a single pathway may be ineffectual. To date, no studies have demonstrated the beneficial effects of lowering SUA in the development of AKI. In a small, randomized trial that evaluated whether lowering SUA with rasburicase could reduce the incidence of AKI in 26 adult Editorial Comment | 49
hyperuricemic patients undergoing cardiac surgery, no difference was observed in postoperative serum creatinine levels between the two groups. Nonetheless, the group receiving rasburicase had a lower level of urinary biomarkers (neutrophil gelatinase-associated lipocalin), providing the initial evidence that lowering SUA may have potentially protective effects against renal structural injury [26] . Moving forward from that study, randomized prospective trials with adequate sample sizes need to be performed to assess the favorable impact, if any, of SUA lowering on AKI development.
In conclusion, Cheungpasitporn et al. [19] should be congratulated for making a valuable contribution to the current literature, and their study has further strengthened the ongoing discussion between the association of SUA and the development of AKI. Although their results may not translate into an immediate paradigm shift in clinical practice, they have established a potential missing link between SUA and AKI. It is now a good opportunity for the scientific community to take this subject further and hopefully pave the way for a meaningful intervention to mitigate the burden of AKI. 
